Non-pollen palynomorphs (NPP) are microfossils other than pollen and spores from plants found within samples prepared for pollen analyses. Their utility as paleoecological indicators is rapidly growing because of their potential to complement palynological reconstructions of past communities and environments. The study of modern NPP sedimentation patterns using surface samples from different substrates, vegetation types and environmental conditions is needed to characterize the main environmental and anthropogenic factors involved in establishing ecological gradients. Here, we analyze modern NPP distribution along an elevational transect from the south-central Pyrenees. We use these data to test the potential influence of elevation, vegetation type, sampling sites and human disturbance on modern NPP distribution and to obtain a NPP modern-analog model which will enhance further paleoecological interpretations. Our study used the same surface samples obtained in a previous modern-analog palynological study, along an elevational transect from 870 to 2600 m a.s.l. We identified 55 NPP, including 13 unidentified morphotypes that were described and depicted. Individual NPP analysis and multivariate statistical methods showed that altitude plays a significant role in the NPP distribution along the transect but other factors such as soil moisture, landscape openness and grazing intensity also influenced the composition of NPP assemblages. Our results also recognized some characteristic NPP assemblages linked to elevational vegetation belts and individual NPP morphotypes related with specific microhabitats, both with potential paleoecological indicator capacity. This work is a first step to improve the knowledge of the NPP's indicator value in the study area.
Introduction
Paleoecology is an effective tool to improve predictions on the possible consequences of the current climate change on the biosphere by revealing how organisms and communities respond to past environmental changes (Vegas-Vilarrúbia et al., 2011) . Modern-analog studies based on present-day sedimentation patterns along ecological gradients are widely used to calibrate paleoecological proxies in terms of the main environmental factors that drive these responses (Jackson and Williams, 2004) . The obtained qualitative and quantitative relationships between modern fossil assemblages and environmental drivers are used to interpret past sedimentary records Birks, 1980, 2006) . Elevational gradients are specially suited for modernanalog studies as they display significant environmental variations in a relatively small study area (Rull, 2006) .
Non-pollen palynomorphs (NPP) are microfossils other than pollen and spores from vascular plants (mainly fungal spores and mycelia, algal remains and zoological remains) observed in samples prepared for pollen analyses. The utility of NPP as paleoecological indicators is rapidly growing because of their potential to improve the reconstruction of past communities and environments (Van der Linden et al., 2012; Van Geel et al., 1994; Van Geel and Aptroot, 2006) .
The use of NPP in paleoecological studies has been scarce as compared to other proxies such as pollen, likely due to the limited knowledge about NPP ecological indicator value. However, during the last years, the use of NPP in Quaternary paleoecology has increased and is now a promising and expanding research. It has been shown that NPP studies can enhance paleoecological interpretations based on pollen and pteridophytes spores because of their independent ecological nature (Montoya et al., 2012) . This means that NPP and pollen can be conditioned by different variables, as well as they can respond in a different manner to the same factors. In this sense, NPP studies can provide complementary and straightforward information about local effective moisture (Van Geel, 2001) or the effect of livestock on landscape (Cugny et al., 2010; Ejarque et al., 2011) and, in general, significant features of the particular habitat from where samples are collected (Montoya et al., 2010) . The use of NPP in paleoecology has been mainly developed in Europe (Buurman et al., 1995; Van Geel, 1978; Van Geel and Aptroot, 2006; Van Geel et al., 2003) and also in South America (e.g. Medeanic, 2006; Montoya et al., 2010 Montoya et al., , 2011 Montoya et al., , 2012 Musotto et al., 2012; Rull and Vegas-Vilarrúbia, 1997 , 1999 Rull et al., 2008) , Africa (e.g. Ekblom and Gillson, 2010; Gelorini et al., 2011; Van Geel et al., 2011) , Asia (De Klerk et al., 2009 ) and Australia (Cook-Ellyn et al., 2011) .
In the Iberian Peninsula, NPP studies are scarce but widespread ( Figure 1A ). In the Pyrenees, NPP surveys have been mostly oriented to reconstruct historical anthropogenic influences on landscape shaping using sedimentary sequences from fens (Ejarque et al., 2009 , lakes (Ejarque, 2013; Riera et al., 2006) and peat bogs (Cugny et al., 2010) . In general, heterogeneous patterns of landscape evolution during prehistoric and proto-historical times have been documented for highlands. Interactions among environmental, cultural, demographic and economic drivers seem to be crucial to understand landscape and land-use dynamics in this region . Of the NPP surveys carried out in the Pyrenees, only two deal with modern analogs. Ejarque et al. (2011) analyzed highland's modern assemblages of pollen and NPP and found useful relationships with vegetation and environmental patterns, as well as with grazing activities. The study included samples from cattle excrements in order to identify potential grazing indicators. Cugny et al. (2010) analyzed NPP assemblages from moss samples and obtained relevant insights on the degree of the landscape openness, current land-uses and grazing pressure. This information was successfully applied to a fossil sequence from a peat bog situated in the same area.
In this paper, we analyzed the NPP spectra from surface samples along an elevational transect from Val d'Aran, in the south-central Pyrenees (Figure 1) , to test the effects of elevation and other environmental variables. We used the same set of samples of Cañellas-Boltà et al. (2009) who studied modern analogs of pollen and pteridophyte spores, and obtained significant relationships with elevation and vegetation types. Both NPP and pollen/spores were compared to highlight the additional contributions of NPP useful for paleoecological reconstruction. The specific objectives were to: 1) characterize the NPP present and their distribution along the elevational transect (from 868 to 2585 m), 2) determine the main factors involved in the NPP distribution (elevation, vegetation type, local habitat, sample type), 3) characterize indicators for specific environmental conditions, and 4) obtain information that will improve the interpretation of NPP extracted from the sediment records in the Pyrenees. Recent modern analog-studies on other mountain ranges have shown that, in general, local elevational transects from around the paleoecological targets, rather than widespread surveys, are better for reliable past reconstructions (Rull, 2006) .
Study area
A detailed description of the study area can be found in Cañellas-Boltà et al. (2009) . In this paper, the most important aspects of mainly climate and vegetation will be emphasized.
Samples analyzed in this work were from the south-central Pyrenees (Val d'Aran, NW Catalonia), in the northern peripheral zone of the National Park "Aigüestortes i Estany de Sant Maurici" (Figure 1 ). Climate is of the Atlantic type with moderate to high precipitation and no water deficit throughout the year (López and Majoral, 1982) . Average annual precipitation ranges from 900 to 1200 mm with two maxima, one in the spring (April-March) and the other in autumn (November). Average annual temperatures are generally cool, between 9.5ºC (Viella, 974 m) and 2.7ºC (Port de la Bonaigua, 2200 m), varying at rate of -0.55ºC/100 m elevation (De Bolòs, 1994) . Biogeographically, the studied area is mainly within the boreoalpine and eurosiberian zones, with some Mediterranean elements at the lower parts. The vegetation of Until mid-1900s, the human activities in the region were cattle raising -mainly cows, sheeps, goats and, to a lesser extent, horses-and forest exploitation and management. Hydroelectricity generation was also a common activity and dam building proliferated. The second half of the past century was characterized by a spectacular increase in tourism activities and an intense emigration of local population to large cities. At present, transhumance seems to experience a revival, and livestock from other Pyrenean areas use to pasture in the Vall d'Aran meadows.
However, focus has clearly shifted towards tourism, which has resulted in an increase in urbanization (roads, buildings, etc.) , mainly in the montane zone but also in the subalpine and alpine belts by a significant growth of ski stations, with the corresponding increase in deforestation practices. It is noteworthy that an important part of the sampling area belongs to the northern peripheral zone of the National Park "Aigüestortes i Estany de Sant Maurici". This Area is under protection but some human activities, as for example mushroom gatherings, hunting, fishing, hiking, skiing, pasturing and forest exploitation, are allowed under the corresponding administration control.
Materials and methods
This work used 33 moss samples collected and processed by Cañellas-Boltà et al. (2009) . These samples were distributed along an altitudinal transect ranging from 868 m (A-32), to 2585 m (A-22) (Figures 1 and 2) . Moss polsters were chosen as sampling material because they are the only palynomorph traps regularly present along the whole altitudinal transect (lakes and peat bogs are located mainly on the alpine zone). In addition, mosses effectively capture the pollen rain and other microfossils like the NPP, and include both local and extra-local representatives thus becoming suitable palynomorph traps for this type of studies (Birks and Birks, 1980; Wilmshurst and McGlone, 2005) . Mosses have been often and successfully used in modern-analog studies on pollen (Court-Picon et al., 2006; Mazier et al., 2006 ) and on NPP (Ejarque et al., 2011; Montoya et al., 2010) . In each sampling site, 2-4 moss fragments of different species were collected and mixed to obtain one single sample. The local and regional flora and vegetation of each location was carefully described using Braun-Blanquet phytosociological methods (Cañellas-Boltà et al., 2009 ). Tablets of Lycopodium spores were added to each sample, to control the efficiency of chemical processing and to estimate palynomorph concentrations (Stockmarr, 1971) .
Samples were processed according to standard palynological procedures (Chambers et al., 2011; Faegri and Iversen, 1989) , including KOH digestion, sieving, HCl and HF digestions, and acetylation. HF digestion was used to follow the same methodology as in fossil samples. After sequential dehydration with ethanol and tert-butanol, samples were mounted and stored in silicone oil. NPP identification was carried out using the available keys (Ellis, 1971 (Ellis, , 1976 and atlases (Cugny et al., 2010; Gelorini et al., 2011; Hooghiemstra and Van Geel, 1998; Montoya et al., 2010 Montoya et al., , 2011 Payne et al., 2012; Van Geel, 2001; Van Geel and Aptroot, 2006; Van Geel et al., 2011) . Unknown morphotypes were named using the code IBB (for Institut Botànic de Barcelona) and a sequential number, and included in our institutional data base with their corresponding descriptions and illustrations. Ecological preferences of the NPP encountered in this study are in Appendix II. Unidentifiable fungal spores were grouped into a general category and were not considered for statistical analyses. Sample A-12 was also rejected for statistics as it did not contain any identified morphotype. Counting was performed according to the diversity saturation criterion (Rull, 1987) . NPP abundances were expressed as a percentage based on the pollen sum, which included all pollen taxa except that from aquatic and semi-aquatic plants (Cañellas-Boltà et al., 2009) . Psimpoll 4.27 was used for diagram plotting. Clustering (Euclidean distance and minimum variance agglomerative method) and correspondence analysis (CA) were carried out with MVSP 3.1 (Kovach, 1989) after root-square transformation of percentages. Rare taxa were not downweighted.
Results
A total of 55 NPP morphotypes were encountered, corresponding to fungal remains, zoological remains and algal remains ( Table 1) . Two of these morphotypes, IBB-255, described here, and IBB-42 previously described by Montoya et al. (2011) have an unknown origin. 42 of the recorded NPP morphotypes were identified to some level (Appendix II) while other 12 fungal taxa and one, possibly plant origin (IBB-255), have not been identified so far. These 13 morphotypes were codified using the IBB system, depicted and described (Appendix II). The altitudinal distribution of fungal, zoological and algal groups as a whole is shown in Figure 3 . In general, the most abundant NPP were fungal spores, showing little altitudinal differentiation in terms of total abundance. However, the diversity showed more variability, with the highest values in the montane belt (Table 1) . Zoological remains were very scarce and almost restricted to the lower parts of montane and subalpine belts, whereas algae only appeared at the lower part of the alpine zone. Below we analyze the altitudinal distribution of these groups in detail.
Zoological remains, algal remains and others
Seven zoological morphotypes were recognized corresponding to thecamoebas (3), rotifers (1) 
Fungal remains
A total of 45 fungal morphotypes were recorded, showing a much greater diversity and more continuous distribution than the other two groups (Table 1 and Figure 3 ). Higher values, as a group, occurred in the montane belt, with an absolute maximum at ca. 1300 m, as well as in the alpine belt. Lowermost values occurred at the transition between montane and subalpine belts and also in the whole subalpine zone. The montane belt holds the highest fungal diversity with 31 taxa (Table 1 ). The most abundant morphotype was the unknown IBB-261 (likely belonging to the order Xylariales), although it appeared in a single sample of the mid-montane belt ( Figure   5 ). Also in the montane zone, morphotypes showing significant values were Sordaria-type, IBB-3, Glomus sp. and Clasterosporium sp., whereas Brachysporium bloxamii, Sporormiella sp., cf.
Trichocladium sp., Cercophora-type, and cf. Paratomenticola lanceolatus showed lower values ( Figure 5 ). In the subalpine zone, Sordaria-type, IBB-3 and Glomus sp. showed a decrease in their values and Clasterosporium sp. disappeared. Contrarily, Sporormiella sp., Cercophoratype, Podospora sp., and Apiosordaria verruculosa, were among the more abundant, together with the unknown IBB-264 and IBB-266, which only occurred in single samples of this zone. The alpine belt showed the lowest fungal diversity of the whole transect (Table 1) 
Statistical analysis
Cluster analysis classified the NPP morphotypes into three main groups and four subgroups ( Figure 6A ), whose altitudinal distribution is also shown ( Figure 6B ). Group 1 was formed by two coprophilous morphotypes such as Sporormiella sp. and Sordaria-type and was distributed quite continuously throughout the transect, although their maximum values occurred in montane and alpine belts. Group 2 included 4 fungal types with diverse ecological requirements such as coprophilous-like (Cercophora-type) and mycorrhizic (Glomus sp.). Two additional unknown morphotypes (IBB-261 and IBB-3) were also within this group, which was present in all three vegetation belts but in a more discontinuous manner. Maximum abundances of group 2 were in the mid-montane belt. Group 3 was the most diverse assemblage and contained 49 taxa distributed into four subgroups. Subgroup 3A included two morphotypes (cf. UG-1106 and Byssothecium spp.), distributed almost exclusively in the alpine zone and the uppermost subalpine belt. Subgroup 3B was entirely formed by fungal spores and was especially important in the montane zone where its maximum abundances were recorded. Subgroup 3C was highly heterogeneous including a wide range of morphotypes of different origin. Indeed it contained all zoological morphotypes except Assulina sp., the alga Pediastrum sp., and a large array of fungal spore types. This subgroup was more or less homogeneously distributed along the transect. Subgroup 3D was formed exclusively by Assulina sp., whose altitudinal distribution has been already described (Section 4.1). Figure 7A shows the results of correspondence analysis (CA), displaying the analyzed samples in a biplot of the first two axes accounting for 24.9% of the total variance. The first axis (14.7% of the total variance) roughly separated samples collected in forests of several types, situated on the positive side, from samples taken in peat bogs, marshes, wetlands and meadows, on the negative side. However, five forest samples were situated in the negative side thus disrupting the pattern. These samples were from (1) However, spring vegetation, wetlands and some peat bogs and marshes were consistently situated at the positive half, whereas samples taken at more rocky and less humid environments (Appendix I) were situated at the negative side. Figure 7B shows the distribution of the NPP morphotypes along the first two CA axes. Axis 1 separated Assulina sp., situated at the positive side, from the other zoological remains, which are around the center of the plot. Assulina sp. coincides with most samples from densely forested sites ( Figure 7A ). Fungi are arranged along axis 1 as well, with coprophilous forms grouped at the negative side and most saprobic morphotypes placed at the positive part. NPP arrangement along axis 2 does not show any conspicuous pattern.
Discussion

NPP and elevation
In mountain areas, elevation is intimately linked to keystone climatic parameters as for example annual average temperatures and total precipitation. Therefore, paleoaltitude estimations from palynomorph assemblages based on modern-analog comparisons may provide relevant paleoclimatic information (Rull, 2006) . In our transect, previous studies showed a highly significant correlation (r=0.988, p<0.001) between pollen trends and elevation (Cañellas-Boltà et al., 2009 ). According to the results of this study, NPP-elevation correlation using the same methodology are remarkably lower, although statistically significant (r=-0.442, p<0.02).
Therefore, elevation may explain in part the altitudinal NPP distribution but other independent factors should be invoked to fully account for the observed trends. As previously shown, the arrangement of samples along CA axis 1 follows an altitudinal-like trend with some exceptions, notably the presence of samples from montane and subalpine zones within the alpine group (2006) found that elevation was the more important environmental driver, whereas Cugny et al. (2010) emphasize the role of grazing pressure, regardless the altitude and the local habitat conditions. Ejarque et al. (2011) suggested that elevation did not play a significant role in the composition of NPP assemblages, which features were more related to sample type, landscape openness and grazing pressure. Taken individually, some of the NPP groups obtained in the cluster analysis show elevational trends while others do not. For example, subgroups 3B and 3D are indicators of lower elevations while subgroup 3A is typical of the uppermost levels of the transect ( Figure 6B ). Therefore, these subgroups could be useful for paleoecological and paleoclimatic reconstructions.
NPP and vegetation
Some associations between specific groups of NPP and vegetation belts are evident. (Sporormiella sp., Sordaria-type and Cercophora-type). Therefore, this tecamoeba would be associated to the presence of deciduous, mixed and coniferous forests growing on non-flooded soils, avoiding low forested and/or heavily grazed sites. Similar results were obtained by Ejarque et al. (2011) , who related this morphotype to poorly grazed pine forests with abundant mosses in the understory. Another coincidence to be considered involves the unknown IBB-255, only present in coniferous forests of Pinus mugo and Abies alba. Cluster analysis grouped IBB-255 with Trichocladium sp., cf. Brachysporium bloxamii and cf. Paratomenticola lanceolatus, which use to grow on wood and bark from a variety of forest trees (Ellis, 1971; Shirouzu and Harada, 2008) . Other relationships are less clear but they are worth mentioning to be confirmed in future studies. For example, IBB-3 and IBB-261 are particularly abundant in samples from Corylus avellana and Fagus sylvatica forests of the montane belt, both with a thick litter layer on the soil (Appendix I). These morphotypes might correspond to plant remain decomposers but further studies are needed for a definite assessment.
Also relevant is the occurrence of IBB-266 in one single sample from the alpine belt. This morphotype likely belongs to Cortinarius (Agaricales), some of which species have mycorrhizal relationships with the dwarf willow Salix herbacea in the alpine zone (Mühlmann and Peintner, 2008) . S. herbacea is a boreoalpine species common in the uppermost levels of the Pyrenean alpine belt, where it grows around snow smelt banks (Vigo, 2005) , and was found by Cañellas- Therefore, IBB-266 would be indicator not only of the uppermost alpine belt but also of the presence of S. herbacea.
NPP and sample type
In general, the diversity and abundance of zoological and algal remains recorded in this survey are comparatively low. Pediastrum sp. is the only algal representative found and is only present in two alpine samples along the whole transect. The presence of springs and water bodies around these sampling sites could explain the appearance of Pediastrum sp. at this altitude (Appendix I). Pediastrum is a genus of colonial green algae that lives in different freshwater habitats (Komárek and Jankovská, 2001) . Depending on the species, Pediastrum can be common in the plankton from eutrophic lakes, as well as in the littoral zone from oligotrophic water bodies (Weckström et al., 2009) . As a NPP, maximum Pediastrum abundances occur in peat bogs and lake sediments (Montoya et al., 2010) . Therefore, the scarcity of this morphotype in the Pyrenean transect studied here could be due to the use of mosses as sampling material.
The same would be true for zoological remains, as most of the usually found in pollen slides are from aquatic or semi-aquatic habitats (Charman et al., 2000; Haas, 1996; Korhola and Rautio, 2001; Walker, 2001) . Further studies should analyze a wider range of sample types, in order to complement our results on modern NPP sedimentation. The combined study of samples from mosses, wet soils, and lake and bog sediments is needed to properly evaluate the local factors influencing NPP assemblages (Montoya et al., 2010) , in order to obtain more useful paleoecological indicators. However, as stated in the methods section, the handicap is that bogs and lakes are usually restricted to higher elevations and their altitudinal distribution is not as continuous as moss polsters.
NPP and human pressure
Sporormiella sp. and Sordaria-type are typical of cattle dung (Ejarque et al., 2011; Gauthier et al., 2010; Van Geel and Aptroot, 2006) , and are commonly used as indicators of grazing pressure in the Pyrenees (Cugny et al., 2010; Ejarque et al., 2011) (Ejarque et al., 2011) . In our transect, the highest values of Glomus occur in samples from forested sites close to pathways and forest tracks built mainly for touristic and recreation purposes. This agrees with studies from elsewhere showing that high abundances of this endomycorrhizal fungus in surface samples have been related to increased erosive phenomena and other mechanical soil disturbances (Van Geel et al., 1989) . Therefore, the occurrence and abundance of spores from coprophilous fungi and Glomus sp. suggest that the studied region, despite the official protection as the peripheral zone of a national Park, is under certain degree of human pressure, mainly related to grazing and tourism which are manifest throughout the whole transect. As a consequence, human pressure should be added to elevation, vegetation type, landscape openness and local moisture conditions, as one more environmental driver controlling the NPP distribution along the studied transect.
Conclusions
The study of NPP assemblages along an elevational transect from south-central Pyrenees using moss samples revealed that fungal spores were, by far, more diverse and abundant than algal and zoological remains. A total of 55 morphotypes were found, of which 13 were described and depicted for the first time. Our results suggest that elevation have a significant influence on the NPP distribution in the studied region but other factors such as soil moisture, vegetation type, landscape openness and grazing pressure are also influencing. These factors, however, are not totally independent from elevation thus determining a complex altitudinal pattern. Useful relationships between NPP assemblages and specific vegetation belts have been recognized. Also, the transition zone between subalpine to alpine belts (treeline) has been characterized on the basis of NPP assemblages. The low diversity and abundance of zoological and algal remains was likely due to the lack of lake and bog samples in the transect. This NPP study has been able to find signs of anthropogenic disturbance (notably soil erosion and grazing), previously unnoticed by palynological analyses, emphasizing the utility of NPP to obtain more thorough paleoecological reconstructions. This work should be considered the starting point to improve the knowledge of the NPP indicator capacity in the study area, aimed to improve further paleoecological interpretations. Further studies should increase the number of transects, considering several differential conditions (geology, slope exposure, degree and type of human disturbance), as well as enhance sampling types including surface sediments from peat bogs, marshes and lakes. Next step should be to test the paleoecological utility of the modern analogs obtained in this study, in sedimentary sequences obtained in the same transect. 
